Abstract. In this manuscript a GIS based computational model of housing market is built using Guangzhou's GIS data. The present model models the houses being searched and matched as a special product with spatial attributes that are analyzed using GIS software. Based upon this model, the dynamic and distribution of housing prices are analyzed. Though the present model is a simplified artificial housing market, we have achieved a more deep understanding about the house prices determination mechanism and its relationship with housing spatial attributes. Further, the present research provides a platform for the studying of housing price dynamic and can be extended to a more realistic housing market model.
Introduction
Housing market plays an important role in modern economy. For many individuals, house is always the largest part of their household's portfolio. In recent years, the tremendous boom and bust of housing markets and subsequent financial crisis have drawn many attentions and raise many questions. Therefore it is worth that there are more researches about the mechanism of house market and house price formation and its dynamics.
It is well known that housing market has it's own characteristics due to the fact that housing is a special goods. There are no two houses that are exactly alike in the world. Therefore the housing market is quite different from other markets. Due to the peculiarity of the housing goods and housing market, there many research about housing price in the literature, mainly in the urban and city economics literature. However, the most important works up till now, which should be noted here, is the research of housing market microstructure that provides a solid micro foundation for the housing market. The basic idea of this approach views the house price as the outcome of the buyers searching the houses and then bargaining with the sellers in the housing market. To a great extent, this idea captures the basic trait and process of housing market. There are a large number of literatures on search models of housing [1, 2] . In the empirical work of this field, the recent researches have turned their focus to quantitative evaluations using micro data. A majority of these researches are interested in how search behavior of the buyers modifies the time series dynamics of house prices and market activity when houses in markets are homogeneous.
From the perspective of microstructure theory, many agents interact in the market is the core fact and it is also a typical scenario for a multi-agent system. In the past decades, the agent-based approach has become an acknowledged method to model the market process and interaction among the market participants. There are many literatures focusing on the land market using this method [3] . There are some papers which study the house price from this perspective [4, 5] . However, the agent-based model is not widely used in housing market modeling while agent-based model provides many conveniences in modeling the housing market, especially when it is combined with the GIS system which makes the full analysis of the spatial features of housing possible. Given the complexity of the housing market and its role in the whole economy, it is valuable if we can integrate the spatial attributes of the housing into the housing market model which captures the basic feature of the housing goods. Hence, a more reasonable model of artificial housing market can be built using agent technology and GIS system.
The GIS Based Computational Housing Market Model
The present model follows the framework proposed by microstructure theory of housing market. Different from previous works, our model is based upon agent modeling approach but we put the agents on the GIS map which means these agents have spatial attributes. There are two kinds of agents in our model at the moment while the government and market brokers are omitted now. One type of agent is the seller that is roughly the houses to be sold out (we integrate house seller and house into one house agent for simplicity--we call it garden agent). Another kind of agent is the buyer agent. As GIS-based agents, the buyers search the houses and deliver the request if the house is satisfying and affordable; the sellers accept the request and adjust the house price according the demand for this house in the market. So there is a self-adjusting and evolving process in the housing market through which the demand and supply of the houses will converge little by little and the housing market will be cleared and then final price of the houses are thus determined. For simplicity, in our model, the sellers will not take any strategic actions and directly sell the houses to the buyers. The buyers search the house in housing market randomly, but due to the search cost, the buyers can only search a limited number of houses and then must make decisions. In this sense, the present model is similar to the random searching in literature while we explicitly specify the house goods as a spatial one with attributes analyzed with GIS software and base buyers decisions upon these spatial attributes.
The seller in the housing market provides the houses to the customers and adjusts the price of house in order to clear the market. The model assumes that very house in one community or garden belong to one seller are assumed the homogeneous. The seller agents are just polygon agents in GIS system. The model also assumes the houses are selected randomly from the houses in the city. We call the agent representing house and its related seller as garden agent because the garden is the group of housed sold by property developer in Guangzhou. The garden agent owns the houses and sells the houses in the market. The attributes of garden agent include: area of the community, the price of the house, the price adjustment speed, the supply of the houses in the garden, the demand for the houses in the garden and other spatial attributes.
In present model, all garden agents are located somewhere in the city and the number of the houses they can provide to the market is a function of their area occupied. Thus, the total supply of the houses in the market is the sum of all garden agents' supplies. If _ is the area of house i, then , the supply of one garden in time t is given in Eq.1:
(1) The most important function of the garden agents is setting the initial house price and then adjusting the house price based upon the market demand and supply situation. The learning algorithm for the garden agents is the price adjustment function that will drive the house price to a more reasonable price and drives the market demand equals to the market supply if possible. The house price adjustment function can be defined as Eq.2:
Where +1 is the house price of house i at time t+1(per square meter), is the supply of garden i at time t, is the demand of garden i at time t, adjustmentSpeed is the price adjustment speed of this house, ℎ ℎ is the lowest price of garden i. The initial housing price can be defined using the distance from the house to the city center as Eq.3:
Here price is the house price in city center exactly, d is the distance from garden i (per meter), beta is adjustable parameter to tune the initial prices.
In the artificial market, there are buyers agents. These agents are also distributed randomly in the city and also have a location attribute. In the GIS system, the buyer agents can be built as point agent. In this housing market, the tasks of buyer agents is searching the houses and choosing the best suitable house affordable under their budget constraints, then deliver the buying request to the garden agents. In our model, the purchasing power of the buyers is determined by their income. The income of the buyer agent is a very important attribute. Besides, we assume that the agents in the market can afford the down payment of the total price no matter how they can get this money (Through the deposit in the bank or borrowing from parents or others). Based upon the statistics of current national income distributions, we suppose that the income distribution of buyers is a normal distribution but their mean and variance can be modified in simulation process. To measure whether the buyers have the ability to but the houses, the total house price can be transformed to the housing loan per month through simple formulae Eq.4:
Normal we set m=360(30 years), the per month interest rate ( ) is the per year interest rate divided by 12). The total loan A is the total house price (room size multiplies house price per 2 minus the down payment of the house (usually the 30% of the total house price in China).
Due to time constraint and the searching cost, buyer can not searching all the houses in the market and then have to decide which one to buy. In our model, we use a global random searching method to search and evaluate the houses.
After the houses being searched, the next step is the evaluation of all the houses found just now. It should be noted that since the analysis of the spatial attribute of houses is time consuming, here we do these analyses beforehand and store the results in the GIS system which can be accessed later by the buyers when they visit the houses. These attribute are objective while in the evaluation of the houses, the weight put on them is different for different buyers. The Buyer agents will use evaluation algorithm to evaluate the objective attributes of the house searched. Then the buyers will choose the first house as their primary choice.
The input of evaluation algorithm used by buyer agents is the houses buyers searched in the housing market. The output is the sorted list of the candidate houses. The model read housing spatial attributes from the GIS database first. The evaluation of houses considers the following six critical spatial attributes: 1) the distance to city center: If there are several centers in the city, we choose the center nearest to the house. 2) Educational resource: analyzing the number of schools in the buffer of house within a given radius. 3) The medical resource: analyzing the number of hospitals around the house to measure the convenience to see the doctor or receive medical treatment. 4) Shopping convenience: analyzing the number of business center, shops and the size of the shopping center within a given radius around the houses. 5) The traffic convenience: the purpose of this attribute is to provide the information about the convenience to take public traffic facility. We measure this attribute through calculating the distance from the house to the nearest metro station. 6) Natural environment: afforestation around the house, the park etc. natural environment is helpful for buyers.
In summary, the weighted sum of house's spatial attribute is as Eq.5: 
Here, 1 to 6 are the weights assigned to and other attributes. The heterogeneous of buyer agents is represented by their weights assigned to the attributes of the houses being evaluated.
The Experiments Set up and Simulation Analysis
The present model focuses on the Guangzhou city, the biggest city in South of China. The GIS data is gotten from Guangzhou GIS system. In this manuscript, we have built a GIS-based agent model of housing market. This artificial housing market building has two steps. First, the analysis results of houses in the artificial market are put into the SHP files in GIS system. The second step is build the artificial housing market model using software AA (Agent Analyst), which is a toolkit integrated into ArcGIS software that is also developed by Repast team. AA program provides the ability of integrating GIS in an agent model but AA's running speed is slow. So when the AA program is finished, we export it to a program in Repast 3 in JAVA which is much faster.
There are total 1000 garden agents in our model that constitute the supply side of the market and they are selected randomly from the GIS system. These garden agents provide 8073 houses to be sold in the market. We assume all the houses being sold have the same room size that is 100
2 . There are 50,130 buyer agents that constitute the demand side of the market.
We set up a benchmark model that can be used as the basic for comparison. The benchmark's parameters are set to the values in table 1. These parameters can be adjusted in Repast panel when the simulation is started while other parameters in the model are kept unchanged. The weights assigned to the house attributes are critical for the simulation of the prices determination an evolution. The parameters of these attributes are drawn randomly from the interval [0,1]. These weights make the heterogeneous of buyers possible; everyone may have different valuation about the house attributes according to their own preferences.
Based upon the setting of benchmark parameters, we run the simulation repeatedly to inspect the house price evolution and the relationship between houses demand and supply in the market. For the robust of the results, we run the simulation at least 30 times given the other not directly concerned parameter unchanged.
The dynamic process of price can be gotten directly. The one time evolution of houses demand and supply in market is depicted in Figure 1 : The horizontal line in Figure 1 is the supply of the houses in the market that is constant for the time being. The other line represents the total demand of the house in the market that will change according to the price of the houses. As shown in the graph, at first, the total is much higher than the total supply, but with the evolution of the market, the total demand and supply will almost converge after some time though this does not mean all gardens can be cleared in the market.
The one time evolution of house prices index (including both average price index and weighted average price index) dynamics in market are shown in Figure 2 .
It is also easily found in these two figures that the demand and supply relationship in the market drives the evolution of house prices until the supply and total demand is almost even. At the same time, the average price and weighted price is nearly the same without great fluctuation. The basic mechanism of market is verified here. But what more is the fact that the housing market will never get to equilibrium in the evolution process; the demand and supply will not exactly the same for the housing market or for most single housing. We can call it the market friction due to the searching cost and imperfect of housing market.
To observe some single house's price fluctuation, we choose five houses located in difference distance from the city center and watch their prices dynamic. These five houses' distance to the city is 0km, 2km, 5km, 10km, and 20km respectively. The experiments show that the nearer to the city center, the higher the house prices as in Figure 3 except for the house very far away from the city center where the city preference may not be so critical. The houses near the city center need more time to adjust to their rather stable prices in the given initial status. In the benchmark model, the preference for the city center is rather random, but price near the city center is high, which is consistence with the situation that the houses near the city have more resources and therefore a more high spatial attributes valuation as well. The distribution of house prices in the market in the long term is shown in the Figure 4 . This distribution is also consistence with our intuition and is reasonable. The highest price house number is rather small while large numbers of the house prices are in the middle of the house prices evolved in the market, a fact that can be seen in many real markets.
Summary and Discussion
The present artificial housing market studies the housing price of Guangzhou under a simplified condition and can replicate many facts in the housing market. This model also provides a platform for the studying of housing price mechanism where can test the effect of various factor that may affect the housing price on this platform. Besides, our model provides a flexible way to modeling agents' behavior that is simplified in previous models. However, there are some limitations existing in this manuscript, such as the omitting of broker in the housing market. In summary, our present work is a preliminary research in this field. It can only provide price information about the housing price in an ideal status. Therefore, there are more works to be done in the future that will deepen our understanding of housing price and its fluctuation mechanism.
